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CONFIGURABLE H-BRIDGE CIRCUIT 

TECHNICAL FIELD 
[0001] This invention relates to configurable H-bridge circuit(s). 

BACKGROUND 

[0002] Imaging devices, such as printing devices and all-in-one devices 

that scan, print, and copy, utilize motors to drive paper feed mechanisms, 
move imaging, scanning, and printing units, and/or enable servicing systems 
such as printhead wipers, printhead capping devices, and printhead cleaning 
systems. These are only a few examples of how motors may be utilized 
within an imaging device. Many such devices are designed such that more 
than one system function is coupled to the same motor so that fewer motors 
are needed to support the multiple system functions. Typically, imaging 
devices have been developed with three motors and with a corresponding 
application specific integrated circuit (ASIC) configured to control the three 
motors. 

[0003] The motor control ASIC is implemented with an H-bridge circuit 

structure that enables a microprocessor or controller to independently control 
each motor in an imaging device. The ASIC includes one H-bridge circuit for 
each motor being controlled, and for a typical three-motor device, the ASIC 
will include three H-bridge circuits. With the advent of two-motor imaging 
devices, two H-bridge circuits of the ASIC will be utilized to control the two 
motors while the third H-bridge circuit goes unutilized. 

[0004] The motor control ASIC with the three H-bridge circuit structure 

continues to be implemented in two-motor imaging devices because it would 
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not be cost effective to design a specialized ASIC with only two H-bridge 
circuit motor drives, particularly when taking into account the large volume 
purchase discounts for high volume devices. The small savings in component 
costs, as well as the savings that would otherwise be incurred for additional 
engineering and design costs to produce a specialized ASIC, are significant 
with the high volume sales of such devices. It is cost effective and beneficial 
to design and utilize an ASIC which can be implemented for similar, yet 
different devices, such as two-motor and three-motor imaging devices. 
However, it would also be beneficial if the third H-bridge circuit of an ASIC in a 
two-motor device could be utilized for component and/or system functionality 
in the device rather than go unutilized as a motor control. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] The same numbers are used throughout the drawings to 

reference like features and components: 

Figs. 1A and 1B illustrate an exemplary H-bridge circuit that can be 
configured as discrete switches or as a motor drive circuit. 

Fig. 2 illustrates an exemplary application-specific integrated circuit 
(ASIC) in which configurable H-bridge circuits can each be implemented as 
discrete switches or as a motor drive circuit. 

Fig. 3 is a flow diagram that illustrates a method for a configurable 
H-bridge circuit. 

Fig. 4 is a flow diagram that illustrates a method for a configurable 
H-bridge circuit. 
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Fig. 5 illustrates various components of an exemplary printing device in 
which a configurable H-bridge circuit can be implemented. 

DETAILED DESCRIPTION 
[0006] The following describes a configurable H-bridge circuit that can 
be implemented as independent switches or as a motor drive circuit. In an 
exemplary implementation, an application-specific integrated circuit (ASIC) 
includes three H-bridge motor drive circuits. The ASIC can be implemented in 
an imaging device, such as a printer for example, that utilizes only two motors 
to drive mechanisms and components of the device. 

[0007] The third H-bridge circuit of the ASIC which is not utilized as a 

motor drive in a two-motor device can be configured as two high side and two 
low side discrete switches. The two high side switches are connected to an 
input voltage and can each be utilized to provide switched power to 
components in the imaging device. The two low side switches are connected 
to ground and can each be utilized as pull-down devices to provide excess 
current, such as for LED operation to scan and copy for example. 
[0008] It would not be cost effective to design a specialized ASIC with 

two H-bridge motor drive circuits for newly developed two-motor devices, 
particularly when large purchase discounts help to keep down manufacturing 
costs for high volume devices. Utilizing the third H-bridge circuit as discrete 
switches also provides design flexibility during manufacture of a device and is 
cost effective in that extra discrete switches do not have to be purchased and 
added to a device during manufacture. 



Case 100111538-1 



4 



[0009] Figs. 1A and 1B illustrate an exemplary configurable H-bridge 

circuit 100 that can be configured as discrete switches 102(1) through 102(4) 
(Fig. 1A), or can be configured as a motor drive circuit 104 (Fig. 1B). When 
the configurable H-bridge circuit 100 is implemented as discrete switches (Fig. 
1A), a first high switch 102(1) and a second high switch 102(2) are each 
connected to a voltage source 106. The first and second high switches 102(1) 
and 102(2) each have an output connection 108(1) and 108(2), respectively. 
Additionally, a first low switch 102(3) and a second low switch 102(4) are each 
connected to ground 110 and have an output connection 112(1) and 112(2), 
respectively. Any of the discrete switches 102 can be independently coupled 
to a device component to provide switched power and/or a connection to 
ground. An example of an imaging device is described below with reference 
to the exemplary printing device 500 shown in Fig. 5. Printing device 500 
includes examples of components that may be coupled to a discrete switch 
102 of the H-bridge circuit 100. 

[0010] The discrete switches 102 can be implemented as any one or 

more of field effect transistors (FETs), bipolar transistors, relays, and/or any 
other type of switching device. A gate drive voltage can be applied to gates 
114(1) and 114(2) of the high switches 102(1) and 102(2), respectively. The 
gate drive voltage enables a particular voltage range on each of the high side 
switches 102(1) and 102(2) and turns on the high side switches such that they 
can be implemented as series switches that pass a voltage. 
[0011] When the configurable H-bridge circuit is implemented as a 
motor drive circuit 104 (Fig. 1B), an output of the first high switch 102(1) is 
connected to an input of the first low switch 102(3) and the two switches are 
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coupled to drive a motor 116 in a first direction. Similarly, an output of the 
second high switch 102(2) is connected to an input of the second low switch 
102(4) and the two switches are coupled to drive the motor 116 in an 
opposite, second direction. Printing device 500 (Fig. 5) also includes 
examples of components that may be driven by motor 116 when the 
configurable H-bridge circuit 100 is implemented as a motor drive circuit 104. 
[0012] Fig. 2 illustrates an exemplary application-specific integrated 

circuit (ASIC) 200 in which configurable H-bridge circuits 202(1), 202(2), and 
202(3) can each be configured and implemented as discrete switches or as a 
motor drive circuit. In this example, configurable H-bridge circuits 202(1) and 
202(2) are implemented as motor drive circuits to drive motor 204 and motor 
206, respectively. The configurable H-bridge circuit 202(3) is configured as 
discrete switches 208 each of which can be independently coupled to a 
device component to provide switched power and/or a connection to ground 
as described above with reference to Fig. 1 A. 

[0013] The ASIC 200 also includes an H-bridge circuit control 210 that 

includes configuration register(s) 212 which include configuration indicators of 
the configurable H-bridge circuit 202(3) implementation. For example, a 
configuration register 214 maintains an indicator 216 (e.g., a zero data bit) 
that indicates configurable H-bridge circuit 202(3) is to be implemented as a 
motor drive circuit. Alternatively, configuration register 214 maintains 
indicator 216 (e.g., a one data bit) that indicates configurable H-bridge circuit 
202(3) is to be implemented as discrete switches 208. Configuration 
register(s) 212 also include switch indicators 218(1) through 218(4) that each 
correspond to a discrete switch 208 of the configurable H-bridge circuit 
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202(3). The switch indicators 218 indicate a configuration of a discrete switch 
of the configurable H-bridge circuit 202(3) when the H-bridge circuit is 
implemented as discrete switches. For example, configuration register 220 
includes switch indicator 218(1) that indicates a component switch 
configuration of the first high switch 208(1) of the configurable H-bridge circuit 
202(3). 

[0014] The configuration registers 212 are controlled by an integrated 
circuit serial bus (not shown) which connects the components of ASIC 200. 
The serial bus is used to communicate data bits (e.g., read and write data) to 
establish the register indicators, such as indicator 216, to enable and/or 
disable current limits and to set up gate drive voltages for the switches 208, 
and the like. The H-bridge circuit control 210 and the configuration registers 
212 are programmable at a time of manufacture and can be programmed with 
firmware, for example, to configure and/or implement the configurable 
H-bridge circuit 202(3) as a motor drive circuit or as discrete switches. 
[0015] When the configurable H-bridge circuit 202(3) is implemented as 

discrete switches 208 (as shown in this example), the first high switch 208(1) 
and the second high switch 208(2) are each connected to a voltage source 
222 and have an output connection 224(1 ) and 224(2), respectively. A high 
side switch 208(1) can be implemented to turn a pen voltage on and off for an 
ink printhead in a printing device, for example. Further, the two high side 
switches 208(1) and 208(2) can be coupled in parallel to reduce the effective 
impedance such that a high side switch can pass a higher current. 
[0016] Additionally, the first low switch 208(3) and the second low 

switch 208(4) are each connected to ground 226 and have an output 
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connection 228(1) and 228(2), respectively. A low side switch 208(3) can be 
implemented as a general purpose input/output device, a programmable 
current sink, a fan drive, a solenoid drive, and the like. 

[0017] Fig. 3 illustrates a method 300 for a configurable H-bridge circuit 

that can be implemented as discrete switches or as a motor drive circuit. The 
order in which the method is described is not intended to be construed as a 
limitation, and any number of the described method blocks can be combined 
in any order to implement the method. Furthermore, the method can be 
implemented in any suitable hardware, software, firmware, or combination 
thereof. A method for a configurable H-bridge circuit may also be described in 
the general context of computer executable instructions. Generally, computer 
executable instructions include routines, programs, objects, components, data 
structures, and the like that perform particular function(s) or implement data 
type(s). 

[0018] At block 302, an indicator is written to a configuration register to 
indicate a configuration of a configurable H-bridge circuit. For example, an 
indicator 216 (Fig. 2) indicates that the configurable H-bridge circuit 202(3) is 
to be implemented as a motor drive circuit (e.g., a zero data bit) or as discrete 
switches 208 (e.g., a one data bit). At block 304, the indicator is maintained 
to indicate the configuration of the configurable H-bridge circuit. 
[0019] At block 306, a determination is made as to whether the 
configurable H-bridge circuit is to be implemented as a motor drive circuit (or 
as discrete switches). If the configurable H-bridge circuit is to be implemented 
as a motor drive circuit (i.e., "yes" from block 306), then an H-bridge circuit 
control is configured at block 308 according to the implementation indicator 
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(as a motor drive). At block 310, the configurable H-bridge circuit is coupled 
to drive the motor. For example, configurable H-bridge circuit 100 is 
implemented as a motor drive circuit 104 to drive motor 116 (Fig. 1B). 
[0020] If the configurable H-bridge circuit is to be implemented as 

discrete switches (i.e., "no" from block 306), then a switch indicator is written 
to a configuration register at block 312 to indicate a configuration of a 
component switch. For example, switch indicator 218(1) (Fig. 2) is written to 
configuration register 220 to indicate a configuration of discrete switch 208(1) 
of the configurable H-bridge circuit 202(3). At block 314, the H-bridge circuit 
control is configured according to the implementation indicator (as discrete 
switches). At block 316, a switch of the configurable H-bridge circuit is 
coupled as a component switch. 

[0021] Fig. 4 illustrates a method 400 for a configurable H-bridge circuit 

that can be implemented as discrete switches or as a motor drive circuit. The 
order in which the method is described is not intended to be construed as a 
limitation, and any number of the described method blocks can be combined 
in any order to implement the method. Furthermore, the method can be 
implemented in any suitable hardware, software, firmware, or combination 
thereof. A method for a configurable H-bridge circuit may also be described in 
the general context of computer executable instructions. Generally, computer 
executable instructions include routines, programs, objects, components, data 
structures, and the like that perform particular function(s) or implement data 
type(s). 

[0022] At block 402, a first movable component is controlled with a first 

motor driven by a first H-bridge circuit of a multiple H-bridge circuit. For 
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example, a first motor 204 (Fig. 2) is driven by a first H-bridge circuit 202(1) of 
the ASIC 200. At block 404, a second movable component is controlled with a 
second motor driven by a second H-bridge circuit of the multiple H-bridge 
circuit. For example, a second motor 206 is driven by a second H-bridge 
circuit 202(2) of the ASIC 200. 

[0023] At block 406, an indicator is written to a configuration register to 

indicate a configuration of a third H-bridge circuit of the multiple H-bridge 
circuit. For example, an indicator 216 (Fig. 2) indicates that the configurable 
H-bridge circuit 202(3) is to be implemented as a motor drive circuit (e.g., a 
zero data bit) or as discrete switches 208 (e.g., a one data bit). 
[0024] At block 408, a determination is made as to whether the third 

H-bridge circuit is to be implemented as discrete switches (or as a motor drive 
circuit). If the third H-bridge circuit is not implemented as discrete switches 
(i.e., "no" from block 408), then the third H-bridge circuit is configured as a 
motor drive circuit at block 410 according to the indicator maintained in the 
configuration register. At block 412, the third H-bridge circuit of the multiple 
H-bridge circuit is coupled to drive a third motor. 

[0025] If the third H-bridge circuit is to be implemented as discrete 

switches (i.e., "yes" from block 408), then the third H-bridge circuit is 
configured as discrete switches at block 414 according to the indicator 
maintained in the configuration register. At block 416, a switch of the third 
H-bridge circuit is coupled as a component switch. 

[0026] Fig. 5 illustrates various components of an exemplary printing 

device 500 in which a configurable H-bridge circuit can be implemented as a 
motor drive circuit or as discrete switches. General reference is made herein 
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to one or more printing devices, such as printing device 500. As used herein, 
"printing device" means any electronic device having data communications, 
data storage capabilities, and/or functions to render printed characters, text, 
graphics, and/or images on a print media. A printing device may be a printer, 
fax machine, copier, plotter, and the like. The term "printer" includes any type 
of printing device using a transferred imaging medium, such as ejected ink, to 
create an image on a print media. Examples of such a printer can include, but 
are not limited to, inkjet printers, electrophotographic printers, plotters, 
portable printing devices, as well as all-in-one, multi-function combination 
devices. 

[0027] Printing device 500 includes one or more processors 502 (e.g., 

any of microprocessors, controllers, and the like) which process various 
instructions to control the operation of printing device 500 and to 
communicate with other electronic and computing devices. 
[0028] Printing device 500 can be implemented with one or more 

memory components, examples of which include random access memory 
(RAM) 504, a disk drive 506, and non-volatile memory 508 (e.g., any one or 
more of a ROM 510, flash memory, EPROM, EEPROM, etc.). The one or 
more memory components store various information and/or data such as 
configuration information, print job information and data, graphical user 
interface information, fonts, templates, menu structure information, and any 
other types of information and data related to operational aspects of printing 
device 500. 

[0029] Printing device 500 includes a firmware component 512 that is 

implemented as a permanent memory module stored on ROM 510, or with 
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other components in printing device 500, such as a component of a processor 
502. Firmware 512 is programmed and distributed with printing device 500 to 
coordinate operations of the hardware within printing device 500 and contains 
programming constructs used to perform such operations. 
[0030] An operating system 514 and one or more application programs 

516 can be stored in non-volatile memory 508 and executed on processor(s) 
502 to provide a runtime environment. A runtime environment facilitates 
extensibility of printing device 500 by allowing various interfaces to be defined 
that, in turn, allow application programs 516 to interact with printing device 
500. 

u [0031] Printing device 500 further includes one or more communication 

interfaces 518 which can be implemented as any one or more of a serial 
and/or parallel interface, a wireless interface, any type of network interface, 
and as any other type of communication interface. A wireless interface 
enables printing device 500 to receive control input commands and other 
information from an input device, such as from an infrared (IR), 802.11, 
Bluetooth, or similar RF input device. A network interface provides a 
connection between printing device 500 and a data communication network 
which allows other electronic and computing devices coupled to a common 
data communication network to send print jobs, menu data, and other 
information to printing device 500 via the network. Similarly, a serial and/or 
parallel interface provides a data communication path directly between 
printing device 500 and another electronic or computing device. 
[0032] Printing device 500 also includes a print unit 520 that includes 

mechanisms arranged to selectively apply an imaging medium such as liquid 
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ink, toner, and the like to a print media in accordance with print data 
corresponding to a print job. The print media can include any form of media 
used for printing such as paper, plastic, fabric, Mylar, transparencies, and the 
like, and different sizes and types such as 8V2 x 11 , A4, roll feed media, etc. 
[0033] Printing device 500, when implemented as an all-in-one device 

for example, can also include a scan unit 522 that can be implemented as an 
optical scanner to produce machine-readable image data signals that are 
representative of a scanned image, such as a photograph or a page of printed 
text. The image data signals produced by scan unit 522 can be used to 
reproduce the scanned image on a display device or with a printing device. 
[0034], Printing device 500 also includes a user interface and menu 
browser 524 and a display panel 526. The user interface and menu browser 
524 allows a user of printing device 500 to navigate the device's menu 
structure. User interface 524 can be indicators or a series of buttons, 
switches, or other selectable controls that are manipulated by a user of the 
printing device. Display panel 526 is a graphical display that provides 
information regarding the status of printing device 500 and the current options 
available to a user through the menu structure. 

[0035] Although shown separately, some of the components of printing 
device 500 can be implemented in an application specific integrated circuit 
(ASIC). Additionally, a system bus (not shown) typically connects the various 
components within printing device 500. A system bus can be implemented as 
one or more of any of several types of bus structures, including a memory bus 
or memory controller, a peripheral bus, an accelerated graphics port, or a 
local bus using any of a variety of bus architectures. 
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[0036] Although configurable H-bridge circuit(s) have been described in 

language specific to structural features and/or methods, it is to be understood 
that the subject of the appended claims is not necessarily limited to the 
specific features or methods described. Rather, the specific features and 
methods are disclosed as exemplary implementations of configurable 
H-bridge circuit(s). 
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